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CORRELATION OF ELONGATION IN WHITE 
AND RED PINE WITH RAINFALL' 
By JERRY AN NE MOTLEY' 
Research in height growth has been carried on In the east by 
Kienholz (5), (6), Cook (2) and Baldwin (l) ; in the middle west by 
Rees (8) and Friesner (3), (4) ; and in Montana by Kirkwood (7). 
Kienholz showed from his observations on red oak (Quercus 
l'ubra), white ash (Fmxinus americana), beech (Fagus grandifolia) , 
sugar maple (AceI' saccharum.), red maple (AceI' rubrum) , gray 
birch (Betula populifolia) , white or paper birch (Betula alba papyri­
fera) , yellow birch (Betula lutea), tulip poplar (Liriodendron tulipi­
fera) , large-toothed aspen (Populus grandidentota) , trembling or 
quaking aspen (P op1~/us tremuloides) , red pine (Pinus resi1wsa) , and 
European larch (Larix decidua) that these species fall into two groups 
according to seasonal length growth. To the first group belong the red 
oak, white ash, beech, sugar maple, red maple and red pine. Red oak 
and white ash started growth late in April and reached a peak of the 
most rapid growth in the latter part of May, then fell off suddenly and 
ceased in the latter part of June. Ninety percent of the growth was 
made in 30 days, for red oak from May 5 to June 5 and white ash 
from May 10 to June 10. Beech started and ceased growth earlier 
than red oak. Sugar maple and red maple ceased growth later than 
white ash. Red pine and red maple proved to be similar, with red 
pine beginning its growth late in June and ceasing in the middle of 
July. The red pine growing season was 70 days, 90% of growth 
completed in 60 days from :May 10 to June 30. 
To the second group belong the gray birch, white Or paper birch, 
yellow birch, tulip poplar, large toothed aspen quaking aspen and 
European larch. Gray birch and paper birch started growth late in 
April, reached a peak in mid-June and fell off gradually in mid­
August. The period of elongation here was 110 days, 90% of it 
being completed in about 60 days (May 20-July 20). Yellow birch 
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followed a similar pattern "but .;tarted, reached its peak, and ceased 
a little later than gray birch."' The few measurements taken from 
tulip poplar, large-toothed aspen and quaking aspen showed that 
growth curves were much alike. European larch was similar to the 
birches with the growth "coming later in the season." Lack of rain­
fall affected only the fi rst year sprouts. 
Cook (2) found in his studies of red pme (Pinus resinosa) , 
American larch (Lari.-r lm'-icina) , European larch (Lari.-r decidua.), 
red spruce (Pirea r1ibm) , white spruce (Picea gla.uca) , Norway 
spruce (Picea abies) and western hemlock (Tsuga canadensis) that 
initiation of growth differed considerably. In red pine growth began 
May 4 and red spruce June 3 with the other species placing between 
these two dates. Pine and spruce had a growing period of 50-60 
days, hemlock 85, and larch 100. Completion of growth took place 
in red pine before J nly 1 and in the larches during September. "Red 
pine is in a class by itself, with an early start, rapid growth, short 
season, and an abrupt ending." White pine grow about 7-10 days 
longer; white and Norway spruce start later, grow rapidly, and stop 
suddenly. "Red spruce bas a curve similar to rcd pine, but is con­
sistently a month later. Hemlock and the larches start late and have 
a very long growing season." Great deficiency in rain fall retarded 
growth. The growth curve was constant from year to year in several 
cases. 
In Baldwin's (l) studies of balsam fir (Abies balsa-mea), white 
spruce (Picea gla1,f,ca), red spruce (Picea rubra-), black spruce (P. 
mariana), white pine (Pinus strobus), red pine (Pinus resinosa) and 
northern white cedar (Tll1,f,ja. occidentalis) the period of height growth 
was about 12 weeks, 90% of growth occurring during 6 weeks. 
"Growth was slow during the first month, rose rapidly to a maximum, 
and sank again rapidly, demonstrating clearly the grand period of 
growth." 
Rees (8) working in IV[innesota with red spruce (Picco rubm) 
found that primary growth began the latter part of May and was 
>completed in mid-July. He reported a slight elongation in the ter­
minal leader until the latter part of July. There was a cessation of 
secondary growth in the twigs and smaller branches about the middle 
of August. 
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Great deficiency in rainfall retarded 
s constant from year to year in several 
Rainfall data for the area in which these trees grew was obtained 
from the United States Weather Bureau, Indiana Section, Hickory 
Hill and Kelly Hill Stations. In addition to the monthly and annual 
rainfall periods, curves were plotted for the following partial years: 
the elongation and pre-elongation season: J anuary-June, March-June, 
April-June, May-June and April-May; and the storage season: May­
November, June-November, July-November, August-November, 
May-October, June-October, July-October, and August-October. 
ANALYSIS OF RESULTS 
WHITE PINE 
The composite data of main stems of 100 white pine (Pinus 
strobus) trees (table I and fig. 1) show a steady increase in rate of 
elongation from 1937 to 1940 followed by a sharp decline in 1941. 
This was followed by three more seasons (1942-1944) of high elonga­
tion rate with another sharp decline in 1945. The elongation for 1946 
showed an average of 819 mm per tree which was more than double 
the average (385 mm) for the previous year. The 1941 slump in 
elongation rate was shared by 56 trees out of 68 which were then old 
enough to be considered, i. e., showed elongation measurements from 
1937 on. Eleven of the remaining 12 trees showed slight increases 
in 1941 and one showed the same elongation in 1941 as in 1940. The 
32 trees which were too young for consideration regarding the 1941 
slump showed earliest elongation measurements for 1939. The 1945 
slump in elongation was exhibited by 99 of the 100 trees measured, 
and the enormous increase in elongation (over 100%) in 1946 was 
exhibited by every tree measured. 
The data for elongation of older secondary branches (table I and 
fig. 1) yield a similar, though not so striking picture: a gradual rise 
from 1937 to 1940, the 1941 slump, the renewed increasing rate in 
1942 and 1943 with the 1945 slump, and the 1946 increase all being 
represented. 
When this elongation behavior is compared with rainfall behavior 
(comparing figures 1 and 3) for what might be called the "storage 
season," i.e., May to November inclusive (figure 3) it will be noted 
that: (1) a rainfall slump during May-November in 1940 is followed 
by an elongation slump in 1941; (2) increased rainfall for the same 
period during 1941-1943 is followed by increased elongation in 1942­
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for May-October or June-October (instead of May-November) is 
considered, the relationship is not materially altered from that shown 
by May-November though the correlation with May-November or 
May-October is more striking than when the month of May is 
omitted from consideration. 
1944; (3) a marked slump in rainfall for May-November 1944 is 
followed by a very marked decrease in elongation in 1945; (4) an 
increase in rainfall of over 100% for May-November 1945 is fol­
lowed by an increase in elongation of over 100% in 1946. I f rainfall 
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RED PIKE 
None of the red pines measured were old enough for consideration 
in comparing elongation and rainfall with respect to the 1940 rainfall 
slump (fig. 3) and the 1941 elongation slump shown by white pine 
(fig. 1). Composite data for red pine (table I and fig. 2) show the 
1945 elongation slump shown by white pine. Of the 50 trees measured 
33 show the 1945 slump in elongation, 13 show increases in 1945 and 
-t show neither increased nor decreased elongation rate. The 1941 
slump in elongation shown by white pine following the 1940 slump in 
rainfall is not shown by the red pine. This is taken to be due to the 
fact that the red pines had had only three seasons of growth prior to 
1941 and these seasons were occupied largely by the young trees be­
coming established in their new surroundings following transplanting. 
Each successive season permitted better growth than the previous 
season until the trees could be thought of as being fully established. 
The secondary branches of red pine followed much the same pattern 
exhibited by the primary axes. The 1945 slump in elongation follow­
ing the increased rainfall of 1945 is even more strikingly exhibited. 
DISCuSSION 
Since it has been shown by Friesner (3) that over 90% of elonga­
tion in white and red pine occurs during the period from mid-April 
to mid-June it is reasonable to assume that for much of the growth 
the plant must draw upon reserves of food stored during the period 
of lessened growth activity. Friesner also pointed out that rainfall 
during the period of maximum elongation had little effect by way of 
either increasing or decreasing the rate of elongation. 
If the tree must depend to a considerable extent for its elongation 
rate upon the food reserves stored during the photosynthetic period of 
the previous season, and since the amount of food constructed and 
stored should bear some relation to the environmental factors of that 
period, it is obvious that one might reasonably expect some degree of 
correlation between rate of elongation and the environmental factors 
pertaining during the period when the reserves, upon which the life 
processes must draw, are being constructed. This expectation is met 
in the fact that increases or decreases in elongation rate occur in the 
growing season of the calendar year, following that in which marked 
increases or decreases in ~1ay-November rainfall occurred. These 
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results on white and red pine thus fol1ow closely the results obtained 
by Kirkwood (7) on ponderosa pine anel Douglas fir. 
I. Measurements of annual elongation were taken of the mam 
stems and secondary branches of 100 white pine, and 50 red pine trees. 
Curves of growth were plotted for both main and secondary stems 
and composite curves were made for each of these. 
2. Rainfall data for the area in which the pines grew was col­
lected and curves were plotted for various combinations of months. 
3. Elongation in white pine showed closest correlation with rain­
fall of the "storage" season, May-November, of the preceding calen­
dar year. This was true of both primary and secondary axes. 
4. Red pine does not show as marked correlation between elonga­
tion and rainfall of the previous storage season as is shown by white 
pine. 
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Summarized Elongation Data-Averages.
 
White Pine Red Pine 
Year Primary Secondary Primary Secondary 
1946 819mm 153 mm 
1945 385 109 
1944 644 112 
1943 689 211 
1942 527 200 
1941 333 155 
1940 471 232 
1939 428 202 
1938 296 171 
1937 191 89 
706mm 
575 
609 
613 
520 
428 
415 
323 
273 
1461nm 
135 
195 
247 
249 
222 
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